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ABSTRACT

TITLE : Preparation and kinetic study of immobilized enzyme
catalyst
ADVISOR : Dr. C. C. Lin

Degradation of commercially available immobilized Glucose
Isomerase enzyme was studied in a batch reactor.Effect of
shearing on the degradation was studied by comparing the
performance of a basket type reactor ( with enzyme kept inside
the stirrer) and ordinary batch reactor ( with enzyme kept
outside the stirrer).
Invertase enzyme is available commercially in a free soluble
form.It was coupled with a new kind of starch derivative. The
coupling efficiency achieved was 8.7 % and the concentration of
the immobilized enzyme was 718 U invertase per gram of starch.
The deactivation of enzyme-starch gel was studied in a batch
reactor.

PREPARATION AND KINETIC STUDY OF IMMOBILIZED ENZYME CATALYST
BY
SANJIV S. KURAY

A THESIS PRESENTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE IN CHEMICAL ENGINEERING AT
NEW JERSEY INSTITUTE OF TECHNOLOGY.
1986

APPROVAL SHEET

TITLE OF THESIS : Preparation and kinetic study of immobilized
enzyme catalyst

NAME OF CANDIDATE : Sanjiv Kuray

THESIS AND ABSTACT APPROVED :
Dr. Chen-chong Lin
Department of chemical
engineering

Signatures of the other
members of the thesis
commitee.

Date

VITA

Name: Sanjiv S. Kuray
Permanent Address:
Degree and date to be conferred: M.S. , 1986.
Date of birth:
Secondary Education: King George High School, India. ( 1972 )

Collegiate institutions attended

Dates

New Jersey Institute of Technology.

1984-86

Banaras Hindu University

1974-79

Degree

Date of Degree

M.S.
B.Tech.

May

1986.

May

1979.

Major: Chemical Engineering
Positions Held: Graduate Assistant, Dept. of Civil and
Environmental Engineering.

To my wife,
for her love, encouragement and help during this work.

ACKNOWLEDGEMENT

I am deeply grateful to Dr. C.C. Lin ,whose guidance , advice
and assistance were essential in this research work.
I am also thankful to Novo Laboratories, Denmark, for providing a
sample of enzyme sample for the experimental purpose.

TABLE OF CONTENTS

PAGE
o) INTRODUCTION

6

I)

9

PART 1 : GLUCOSE ISOMERASE
I.1) Background

10

1.2) Theoretical considerations

14

1.3) Experimental

18

1.4) Result and discussion

21

1.5) Experimental data for part I

28

II) PART II: INVERTASE

38

II.1) Background

39

11.2) Experimental

42

11.3) Result and discussion

45

11.4) Experimental data for part II
III)CONCLUSIONS AND RECOMMENDATIONS

47

IV) APPENDIX

50

V) NOTATIONS

54

VI) REFERENCES

55

INTRODUCTION
Immobilized enzymes have received considerable importance in the
industry since they were first discovered.Immobilized enzymes
offer many advantages over the conventional solluble enzymes
namely
1)ease of recovery
2)reusability
3)use in continuous processes which are normally more
economical than batch processes
4)no product contamination- espacially important in the
pharmaceutical industry
5)little or no product purification is required
6)in many cases increased thermal stability due to immobilization to solid support
Immobilized enzyme can be defined as attaching the soluble enzyme
molecule to a solid support in such a way that the catalytic
property of the enzyme is retained.The attachment can be done by
one of the following ways 1)physical adsorption on solid support
2)physical encapsulation inside the solid support
3)covalent bonding to the support
4)chemical crosslinking with the support
The important considerations in the production and use of
immobilized enzymes are- the percentage of catalytic activity retained after
immobilization

- stability and half life of the immobilized enzyme
produced
- ease of operation
All the points discussed above depend on the method of immobilization and the support material used.Hence finding new and better
ways of immobilization has been a major portion of previous work
done on enzymes.Almost all enzymes have been tried on various
supports like cellulose,starch,nylon,glass etc.
In the present work new a kind of starch derivattves is used asa
new support material for immobilizing invertase enzyme.The support
material used in this study has excellent water swellability and large surface area for reaction.
Enzymes being costly,occupy the major portion of the process
cost.Hence proper understanding of the enzyme kinetics becomes
important for the most efficient and profitable use of enzymes
However, diffusional effects ,microenvironmental effects, support
properties make the kinetics of immobilized enzyme radically
different than soluble enzyme.Degradation of enzyme seriously
affects the kinetics and half life of enzyme and is an important
consideration in the industrial use of enzyme.
In the present study, degradation of of commercially available
(immobilized) Glucose Isomerase enzyme is examined in a batch
reactor.Effects of degradation and support attrition are
incorporated into the kinetic expression to obtain performance
equation of a batch reactor.Also basket type batch reactor is

studied and its performance is compared with that of ordinary
batch reactor.

SECTION I
GLUCOSE ISOMERASE
* Background
* Theoretical consideration
* Experimental
* Result and discussion

BACKGROUND
Glucose Isomerase is the most widely used enzyme in the industry
today.It is used for making high corn fructose syrup from corn
starch.Glucose isomerase carries out the isomerisation reaction
as shown below.

Equilibrium is favored Blighty in foward direction and value of

equilibrium constant is about 1.15 - 1.20 at 60 C .
Glucose isomerase is an intracellular enzyme.Many methods of
release of enzyme from the cells have been reported.However
the enzyme in pure form

is costly and highly heat denaturable.

Hence the use of whole cells with the enzyme inside the cell in
free or immobilised form is prefered. Glucose isomerase by Novo
Laboratories in Denmark , is fixed to the cell wall with the help
of cross linking agent glutaraldehyde. A great deal of work on
kinetics of cell fixed glucose isomerase enzyme has been done by
1) Lee et. al (7,14,16), 2) Park et al. (9), 3)Ryu et al (10), 4)
Havewala-Pitcher (17) and 5) Taguchi (1) .
A typical catalyst particle of Novo enzyme can be considered as a

porous particle with micro organisms (cells) homogeneously
distributed throughout the particle. The overall reaction
consists of following steps ;
1)Substrate transfer from bulk of liquid to the external
surface of catalyst.
2) Substrate transfer into the pores (internal transfer).
3)Substrate transfer into the individual cells.
4)Reaction.
5)Transfer of product from cell to bulk in the reverse
order of substrate transfer.
Theoretically, the rate of any step may control the overall
reaction rate.
It has been shown by Boerma et al (15) that steps 3 to 5 are not
rate limiting. Hence only external and internal mass transfer is
the rate limiting step. When the external mass transfer resistance
is negligible as in the case of batch reactor with heavy
stirring , only internal mass transfer is the rate limiting step.
The effect of internal mass transfer can be found out by grinding
the catalyst particle to a fine size and then comparing the initial
reaction rate with unground catalyst pellet.
In addition to the diffusion effects , it is necessary to take
into consideration the deactivation of enzyme with time. The
deactivation may be because of any one of the following ;
1)Thermal deactivation (denaturation).
2)Shear effects.

3)Pore blockage.
4)Inhibition effects
5)Attribution of support.
It has been proved by Havewala , Weetal et al (11) that the
shearing encountered in plug flow reactor is not sufficient to
cause bond breakage / structural changes in Amyloglucosidase on
porous glass support. Even though in stirred tank ,the shearing
is much higher , it is still not sufficient to cause structural
changes in the enzyme.However, the high shearing due to stirring
may cause support attribution ,therby releasing small cells into
the solution which are difficult to seperate by filtration.It
can be predicted that support errosion is fast in the first few
batches, when most of the loosely bound cells get released from
the support.
Thermal denaturation normally follows first order law,

where E = Enzyme activity after time 't'
Kd = Deactivation constant.
Eo = Initial enzyme activity.
When deriving the performance equation of a reactor , the
following factors should be considered :
1)Enzyme Kinetics.
2)Diffusion.
3)Deactivation.

Havevala and Pitcher in their U.S.patent 3,767,535 describe a
basket type of stirrer. The stirrer is like a box, with a screen
on two sides. The enzyme can be filled inside the stirrer and
reaction can be carried out. The advantages associated with such
a reactor are :
1)No special filtration equipment is needed.
2)It can be used for batch or continuous operation.
3)Enzyme can be replaced just by replacing the removable
stirrer blades.Thus downtime is saved.
4) Less shearing of enzyme . Hence the possibility of
incresed life of the catalyst.
5)Two or more different enzymes can be used at the same
time by keeping them in saperate blades.
In the present work the enzyme deactivation was studied and
compared for two reactors , one with the enzyme outside the
stirrer and one with the enzyme inside the stirrer. It was
anticipated that due to less shearing in thesecond case
support attrition would be less and hence enzyme life should
be more.

THEORETICAL CONSIDERATIONS (Glucose Isomerase)
In the absence of mass transfer limitation, the reaction rate can
be described with a modified Michaelis - Menten equation for a
reverible one - substrate reaction of the following form :

where

Vm' & Km' : Kinetic parameters in the absence of mass
transfer

K = Pe/Se = Vmf.Kmr / Vmr.Kmr
In the presence of internal mass transfer resistance , a mass
balance over a spherical particle gives :
2
( 4 r2 Ds'
e "a5
W } = 4 r Rm(S)
The boundry conditions are :
b$ = 0 and r = R, S=Ss
r = 0 --

(2)

The solution of equation 2 using equation 1 is in the form of
effectiveness factor as a function of generalised Theile modulus
and substrate concentration 'S'.

Since the dependence of n on s is not very large in the experimental
range of substrate concentration

(G

initial - G final) , we can

consider effectiveness factor as a constant in the experimental
range. Effectiveness factor can be found out from the initial
rate of unground and finely ground enzyme at the same initial
substrate concentration.
Thus the rate equation in presence of internal mass transfer can
be written as :

Vm ' is a constant proportional to enzyme concentration and gets
affected by enzyme deactivation. In presence of deactivation, the
enzyme concentration changes according to first order equation.

Substituting equation (5) into equation (4) ,

and

dS = (1-X) (So-Se) . dX

If the left side is denoted by A then,
t = [in (1-A.Kd)] /Kd
Here Eon = enzyme concentration in the beginning of n th batch
If t* is the time of each batch , then enzyme concentration at
the end of first batch and beginning of second batch is given by
Eo2 = Eol e-Kd.t
where

Eo 1 = Original enzyme concentration.
Kd = Deactivation constant.

Similarly in the beginning if the third batch , the enzyme
concentration will be given by ;
Eo3 = Eol e-kd 2t
In general for nth batch,
Eon = Eol e-Kd(n-1)t
Again the support errosion is very large for the first batch and
can be neglected in the subsequent batch. This was also observed
during the experiments.

Thus the enzyme concentration on the second day will be only
fraction of the initial concentration.
Hence

Eon = [ Eol e-Kd(n-1)t 3 / m

where m > 1

for n > 1

m = 1

for n = 1

Substituting these in the equation we get

where Vm =

mole/(min. gm.enzyme)
based on initial enzyme concentration

Eo = gm enzyme/lt. of reactant
It has been shown by Y.Y. Lee et al (7) and Havewala - Pitcher
(17) that for glucose isomerase immobilized on glass , the
deactivation follows a different rates after a certain time.
The value of deactivation constant can be found out from
the experimential data as shown later on in this work.

EXPERIMENTAL (For Glucose Isomerase)
Immobilized glucose isomerase was obtained from Novo Laboratories
in the form of granules of about lmm size (type Q). A buffer
solution was made having 0.05 M Na2HPO4 & 0.05 M KHPO4.The
pH was adjusted to 7 .The reaction was studied by measuring the
glucose disappearance rate from 0 - Toluidine glucose measurement
test given in the appendix 1 (Page 50 ). The apparatus
used for measurement was Bausch & Lamb spectronic system 400 - 2
and the absorbance was read at 640 nm wavelength. First the
experiment was performed on unground enzyme. First glucose
solutions of strength 1M, 0.5M, 0.25M, 0.125M, were prepared.
5g of enzyme was added to 100 mL of solution of each
strength.Samples were taken after half hour in each case and
reaction rate was measured.From the rate vs initial concentration
data , Lineweaver - Burk plot was drawn.The apparent parameters
Km & Vm were obtained by drawing Lineweaver - Burk plot for forward and backward reaction.
The Lineweaver - Burk plots generated are shown in figure 1 & 2.
For studying the deactivation of enzyme and effect of shear on
deactivation,a special stirrer was prepared in the workshop as
shown in figure 1 . The stirrer has a provision to fill catalyst
inside it through side plugs.Two sides of stirrer are replaced by
ascreen, so that substrate can easily flow inside and out of the
stirrer. The plugs at the side of the stirrer serve two purposes:
1)For removal / filling up of catalyst.
2)For better fluid flow into the stirrer.

The stirrer can be easily attached or removed from the stirrer
shaft by a simple screw and nut arrangement.
0.5 M glucose solution in 0.1M phosphate buffer (7 pH) was made.
200 ml. of 0.5 M solution was taken in the batch reactor equipped
with basket type stirrer. 5 g of enzyme was added and reaction
was carried out in a batch mode with good stirring for 5 hours.
At the end of the batch, the enzyme was washed to remove any
glucose and stored at 0 - 4 degree Centigrade. Same enzyme was
used in the next batch. Experiments were carried out for more
than 7 days for each sample of enzyme.
A curve was drawn, showing the batch reactor performance with
time, Figure (4 ).
PARTIALLY CRUSHED INSIDE THE STIRRER
A fresh sample of enzyme was ground to nearly half the original
size. Five gms. of the same was filled up in the stirrer.Again
200 mL of 0.5 M glucose solution was prepared for each batch
and reaction was carried out for 5 hours. Experiment was conducted
onthesameenzyme sample for 8 days.After 8days very little
activity was found to exist in the enzyme. A curve was drawn
showing the performance of reactor in each batch.
PARTIALLY CRUSHED ENZYME OUTSIDE THE STIRRER
A fresh sample of enzyme was taken and ground nearly to half the
original size. This partially crushed enzyme was then used outside
the stirrer and the deactivation was observed in a similar
way for 8 days.

During all three sets of experiment, lot of fine particles
and color was found to go into the solution. However, very few
loose particles were observed on the second day and no attrition
of enzyme was found to occur after that. Thus the experimental
data indicates that support attrition is substantial during the
first few days. From the data on conversion of glucose after 5
hours in each batch, the deactivation constant was calculated as
shown in the next section.
From the kinetics of glucose isomerase enzyme, the theoretical
reactor performance equation was derived and was compared with
the experimental data.

RESULT AND DISCUSSION
Experiments were carried out separately for uncrushed enzyme
outside the stirrer, crushed enzyme inside the stirrer and
crushed enzyme outside the stirrer. Deactivation in each case was
studied by the drop in conversion with respect to batch number.
The results of the experiment are plotted in graphs 3,4, 5, 6,
and 7 .
Todetermine the internal mass transfer effects, initial rates
were measured for crushed and uncrushed enzyme. There was no
significant change in the initial rate, indicating that strong
internal pore resistant does not exist.The crushed enzyme activity
was in fact Blighty less than the full size particles, probably
because of some deactivation occuring during the grinding
process.
The kinetic constants for full size enzymes were found from
Lineweaver - Burk plot for forward and backward reaction ( Graph
1 & 2 ).The value obtained are ;
Kmf = 0.5 M
Kmr = 0.84 M
Vmf = 0.408 mg/sec = 1.36 * 10-4 mol/min.gm enzyme.
Vmr = 0.765 mg/sec = 2.55 * 10-4 mol/min.gm enzyme.
Equilibrium conversion was found to be 48.7 %.

This value agrees closely with the value 1.05 - 1.10 at 60 degree

centigrade, given by Havewala - Pitcher and Takasaki ( Hamilton,
Colton et al ). The value of equilibrium constant calculated fram
the kinetic constant is given by
Keq = (Vmf/Kmf)/(Vmr/Kmr)
= 0.90
This is close to the experimental valve obtained above.
Using the kinetic constants a theoretical reactor performance
equation is obtained for glucose isomerase.

where
t* = Total time for each batch = 300 minutes.
Eol = gm. enzyme / its. of reacting mixture = 25.
Vm'= [(Keq + 1)/Keq] * [Kmr/(Kmr-Kmf)]* Vmf
Km'= [1/(Kmr-Kmf)] * [(Kmr+Kmf.Keq) Se + Kmr.Kmf ]
Substituting the values of Keq, Kmr, Kmf, Vmf, Vmr, we get :
Vm' = 7.074 * 10-4 moles/gm. enzyme/min.
Km' = 2.126.
Thus equation ( 1 ) becomes

Putting n = 0 and neglecting the effect of deactivation, we get
equation for the first day as
t = 28.29 X - 120 in ( 1 - X / 0.487 ).
The data generated by above equation as compared to the

experimental values is as given below.
Conversion

't' Calculated

0.185
0.355
0.42

62.5min.
167 min.
249 min.

't' Experimental
60 min.
180 min.
300 min.

Thus the equation fairly represents the reactor performance.
The deactivation constant Kd and constant '10 accounting for the
errosion on the first day were calculated as follows :
1) As an initial approximation the effect of deactivation
on reaction time during the batch is neglected. However, the
effect of the total deactivation at the end of entire batch
is taken into account to calculate the initial enzyme
concentration for the next batch.
In such a case the equation becames :

A = 't' Experimental / B for same x calculated from eq.(1)
= 300 (minutes) / B for x 300 min. from eq.(1).
ln A = lnm + 300 Kd( n - 1 )
2) Value of In A is obtained for n.
3) in A is plotted against 300 (n - 1) .
4) The slope of the line gives kd and y intercept gives In m.
5) Putting the approximate value of kd into eq. (2), new 't'
calculated is found for X 300 min'
6) New A = 300 / t calculated'
7) Go back to eq.(2) and find actual kd and m.
Graphs 8 & 9 show the plot of In A against batch number for

crushed and uncrushed enzyme respectively.
The values of kd and m obtained are :
Kd 1
min-1

1 st. day deactivation
(m )
CRUSHED

1.363

UNCRUSHED

1.116

7.666 X 10-4
7.0 X 10-4

Kd 2
m iyct
5.11 X 10-4
10.55 X 10-4

It can be seen that deactivation coefficient changed for both
cases after 4 - 5 batches. Tn case of unground enzyme the deactivation was low initially and then high after the 4 th batch
In case of crushed enzyme the deactivation was high initially and
then low after the 5 th batch.
The drastic decrease in conversion and hence increse in deactivation constant for full sized enzyme may be because of interal
diffusion effects, which are negligible initially but become
prominent when the enzyme activity decreases drastically.
The low deactivation initially for full size enzyme may be due to
structural strength of particle, which protects against errosion
and deactivation in the beginning.
Also for the crushed enzyme, the first day loss of activity is
much higher than uncrushed enzyme as seen from the higher 'm'
value and also from graph 6 & 7. This is an expected result
because the grinding process weakens the structural strength of
the particle and also exposes more surface area for errosion.
substituting the values of deactivation coeffiecients and 'm'
into equation (1) :

TABLE 1: FOR CRUSHED ENZYME
Day
1.
2.
3.
4.
5.
6.
7.
8.

x
1 hr
.17
.125
.1
.075
.055
.046
.04
.03

texp

tcal

texp
x
3 hrs

tcal

x
5hrs

texp

tcal

60
60
60
60
60
60
60
60

58
69
67
61
56
57
58
50

.355
.26
.225
.185
.15
.13
.11
.085

180
180
180
180
180
180
180
180

178
181
187
182
177
185
177
154

.415
.33
.285
.245
.205
.185
.165
.135

300
300
300
300
300
300
300
300

276
271
273
270
289
293
267
-

x
5hrs

TABLE 2: FOR UNCRUSHED ENZYMES
Day

x
1 hr

texp

1
2
3.
4.
5.
6.
7.
8.

.165
.13
.107
.09
.075
.063
.036
.026

60
60
60
60
60
60
60
60

tcal

texp
x
3 hrs

tcal

54
57
57
58
59
67
51
49

.343
.28
.25
.22
.182
.14
.107
.075

180
180
180
180
180
180
180
180

165
161
168
174
173
173
174
160

.42
.37
.335
.3
.255
.205
.16
.11

texp

tcal

300
300
300
300
300
300
300
300

275
275
279
285
288
294
295
256

Table 1 & 2 show that the calculated value of t matches fairly

well with the experimental values.
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CALIBRATION CURVE FOR
GLUCOSE MEASUREMENT

GRAPH NO. 1
LINEWEAVER- BURK PLOT:FORWARD REACTION

GRAPH NO. 2
LINEWEAVER-BURK PLOT BACKWARD REACTION

BATCH REACTOR PERFORMANCE
UNCRUSHED ENZYME OUTSIDE THE STIRRER

G R (\ P
F3A TCH REACTOR PERFORHANCL
CRUSHED VNZ\-/ME OUTSI,DE THE ..STtRRER.

GRAPH NO.

5

BATCH REACTOR PERFORMANCE
CRUSHED ENZYME INSIDE THE STIRRER,

GRAPH NO. 8
FOR CRUSHED ENZYME

GRAPH NO. 9
FOR UNCRUSHED ENZYME

Following observations were made from the graphs showing decrese
in conversion with respect to batch number ( graph 6 & 7 ).
Case 1 : Uncrushed enzyme used outside the stirrer.
Case 2 : Crushed enzyme used outside the stirrer.
Case 3 : Crushed enzyme used inside the stirrer.
1)The deactivation on the first day is highest as compared to
the rest of the days for each case.
2) Deactivation on the first day is highest for case 2, followed
by case 1 and case 2 respectively.
3)The change in deactivation rate is sharp for case 2. For
case 3, the deactivation rate is nearly constant from second
day onwards.
4)Initially, conversion obtained by case 3 is less than that
for case 2. However, for the most part of the experiment
conversion for case 3 is greater than for case 2.
5) Over all, drop in conversion is the least for enzyme inside
the stirrer.
6)Uncrushed enzyme gives better conversion than the crushed
enzyme till about 60 % deactivation in enzyme occurs.

EXPERIMENTAL DATA FOR SECTION 1

SPECTROPHOTOMETER CALIBRATION CURVE DATA

CONCENTRATION
50 mg/100m1
100
200
300

ABSORBANCE
0.110
0.208
0.420
0.640

METHOD OF CALCULATION
3 ml. of reaction mixture was added to 1.5 ml. perchloric acid.
1 ml. of above mixture was diluted to 25, 50 or 100 ml.
0.1 ml of diluted mixture was added to the toluidine reagent.
Glucose converted from the calibration curve.
= ( Absorbance/ 0.002 ) mg/100 ml of diluted mixture.
= x mg / 100 ml diluted mixture.
= x mg / ml of perchloric + reaction mixture [For 1:100
dilution]
= x mg /2 ml of perchloric + reaction mixture [For 1:50
dilution]
= x mg /4 ml of perchloric + reaction mixture [For 1:25
dilution]
= x * 3/2 ml of reaction mixture [For 1:100 dilution]
= x/2 * 3/2 mg/ml of reaction mixture [For 1:50 dilution]
= x/4 * 3/2 mg/ml of reaction mixture [For 1:25 dilution]

EXPERIMENTIAL DATA FOR BURK - LINEWEAVER

PLOT FOR FORWARD REACTION

ABSORBANCE

DILUTION

t = 1/2 hr

v

mg/sec

s

t = 0

1:100

1.0

0.256

0.239

1.38

1:50

0.5

0.262

0.236

1.08

2:50

0.25

0.255

0.221

0.714

2:25

0.125

0.258

0.214

0.46

SAMPLE CALCULATION
mg. glucose converted in 30 min./100 ml of diluted mix
= (0.258-0.214)/0.002 = 22 mg/100 ml diluted mix
22 mg / 100 ml = 22 mg / 8 ml of (perchloric + reaction mix)
= 22 mg / 8 ml of (perchloric + reaction mix)
= 22/8 * 3/2 mg /ml reaction mixture.
= 22/8 * 3/2 * 200 mg/ 30 min.
= 22/8 * 3/2 * 200/30 * 1/60 mg / sec
= 0.46.

LINEWEAVER - BURK PLOT FOR BACKWARD REACTION

ABSORBANCE

DILUTION
S
2.25
2.25
2.25
2.25

1.0
0.5
0.25
0.175

t = 0
0.024
0.020
0.017
0.021

t = 1/2 hr
0.133
0.085
0.063
0.046

V mg /sec
2.273
1.335
0.943
0.52

SAMPLE CALCULATION
Glucose produced = fructose reacted
mg glucose produced in 30 minutes.
= 0.133 - 0.024

= 100 mg/100m1 diluted mixture.

0.0002
= 109/8 mg/ml of perchloric and fructose mixture
= 109/8 * 3/2 mg/ml of reaction mixture
= 109/8 * 3/2 * 200 mg per 30 minutes
= 109/8 * 3/2 * 200/60 * 1/30 mg/sec.

EXPERIMENTIAL DATA FOR UNCRUSHED ENZYME
OUTSIDE THE STIRRER
EXPERIMENTIAL DATA : FIRST DAY
TIME

0 hr
0.262

ABSORBANCE
CALCULATED
CONVERSION

hr

3

0.220

0.172

0.152

34.3

42

16.00

hr

5

1 hr

EXPERIMENTAL DATA : SECOND DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.262

0.228

0.187

0.165

13.0

28 6

37.0

CALCULATED
CONVERSION

EXPERIMENTIAL DATA : THIRD DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.270

0.241

0.205

0.181

24.0

33.0

CALCULATED
CONVERSION

10.7

...

EXPERIMENTIAL DATA : FOURTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.256

-

0.198

0.180

CALCULATED
CONVERSION

-

-

22.6

29.7

EXPERIMEMTIAL DATA : FIFTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.258

-

0.210

0.191

CALCULATED
CONVERSION

-

-

18.6

26.0

EXPERIMENTIAL DATA : SIXTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.268

0.253

0.228

0.210

CALCULATED
CONVERSION

-

5.6

14.9

21.6

EXPERIMENTIAL DATA : SEVENTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.266

0.259

0.240

0.223

CALCULATED
CONVERSION

-

2.6

9.8

16.2

EXPERIMENTAL DATA : EIGHTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.265

0.262

0.245

0.237

7.5

10.5

CALCULATED
CONVERSION

-

1.1

EXPERIMENTAL DATA FOR CRUSHED ENZYME
INSIDE THE STIRRER
EXPERIMENTAL DATA : FIRST DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.257

0.223

0.179

0.160

CALCULATED
CONVERSION

-

13.2

30.3

37.7

EXPERIMENTAL DATA : SECOND DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.252

0.225

0.193

0.170

10.7

23.4

32.5

CALCULATED
CONVERSION

-

EXPERIMENTAL DATA : THIRD DAY
TIME

0 hr

1 hr

ABSORBANCE

0.255

-

CALCULATED
CONVERSION

-

3 hr

5 hr

-

0.180

-

-

29.4

EXPERIMENTAL DATA : FOURTH DAY

TIME

0 hr

1 hr

3 hr

ABSORBANCE

0.260

-

-

CALCULATED
CONVERSION

-

-

-

5 hr
0.192
26

EXPERIMENTAL DATA : FIFTH DAY
0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.258

0.244

0.218

0.197

CALCULATED
CONVERSION

--

TIME

23.6

15.5

5.4

EXPERIMENTAL DATA : SIXTH DAY
TIME

0 hr

ABSORBANCE

0.262

CALCULATED
CONVERSION %

-

1 hr
-

3 hr

5hr
0.207

-

21.0

EXPERIMENTIAL DATA : SEVENTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.265

0.257

0.230

0 217

-

3.0

13.2

CALAULATED
CONVERSION %

18.0

EXPERIMENTAL DATA : EIGHTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.263

0.259

0.237

0.223

-

1.52

9.9

15.2

CALCULATED
CONVERSION %

EXPERIMENTAL DATA FOR CRUSHED ENZYME
OUTSIDE THE STIRRER
EXPERIMENTAL DATA : FIRST DAY
3 hr

5 hr

0.213

0.172

0.152

18.7

34.3

42.0

TIME

0 hr

1 hr

ABSORBANCE

0.262

CALCULATED
CONVERSION %

-

EXPERIMENTAL DATA : SECOND DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.265

0.232

0.196

0.177

-

12.4

CALCULATED
CONVERSION %

26.0

33.2

EXPERIMENTAL DATA : THIRD DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.263

0.237

0.202

0.189

9.9

23.0

28.0

CALCULATED
CONVERSION %

-

EXPERIMENTAL DATA : FOURTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.268

0.249

0.218

0.201

-

7.1

CALCULATED
CONVERSION %

18.6

25.0

EXPERIMENTAL DATA : FIFTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.263

0.250

0.223

0.209

4.9

15.2

20.5

CALCULATED
CONVERSION %

-

EXPERIMENTAL DATA : SIXTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.264

-

0.228

0.215

-

-

13.6

18.6

CALCULATED
CONVERSION %

EXPERIMENTAL DATA : SEVENTH DAY
TIME
ABSORBANCE
CALCULATED
CONVERSION %

0 hr

1 hr

3 hr

5 hr

-

0.255

0.237

0.223

4.0

10.9

16.1

-

EXPERIMENTAL DATA : EIGHTH DAY
TIME

0 hr

1 hr

3 hr

5 hr

ABSORBANCE

0.262

0.254

0.240

0.227

3.05

8.4

13.5

CALCULATED
CONVERSION %

-

SECTION - 2

INVERTASE
1] BACKGROUND
2] EXPERIMENTAL
3]RESULT & DISCUSSION

BACKGROUND

( FOR INVERTASE )

Invertase is one of the first enzymes to be discovered and used
in the industry. It was also the first enzyme to be immobilized
on various natural or synthetic support.
It belongs to the carbohydrase group of enzymes. It catalyses the
following reaction
Glucose + Fructose

Sucrose
invertase

Invertase is an extra-cellular enzyme and can be easily extracted
from the cells. Whole cell invertase of Sigma Chemicals was used
in the present work.
Starch being an abundant natural polymer, has been a focus of
considerable attention for the purpose of immobilization. Starch
has many hydroxyl groups which can bind with amine group in
enzyme in the following way.

REACTION 1 : Activation of starch by Cynogen Bromide

1

N - Substituted Iminocarbide.

2

N - Subdtituted Carbmate

3

N - Substituted Isourea.

Reaction 2 : Coupling of protein (enzyme) to activatated starch
The advantages of starch as a support material are :
1)Hydrophilicity and water swellability , which means more
surface area for enzyme substrate reaction.
2) Cheaply available.
The disadvantages of starch are :
1) Susceptible to microbial attack.
2) Low structural strength.
3) Has only hydroxyl reactive group. Hence the method of
immobilization is limited.
Many derivatives of starch have been used before by a number of

researchers for immobilizing various enzymes and the advantages/
disadvanges of starch as support material have been reported.
Hydrolyzed starch -polyacrylonitrile graft polymer (H S P A N) is
a starchderivative prepared by Lin et al ( ) at the national
Taiwan University. It is also available commercially from General
Mills, under the trade name of SGP - 502.
It is prepared by grafting acrylonitrile polymer on starch to get
SPAN and then hydrolyzing the copolymer by an aqueous base,whereby the nitrile groups are converted to a mixture of carboxamide
and alkali metal carboxylate. This starch has a good swellability
in water, with an increse of 30 times in surface area of sample
while retaining its geometric integrity. This is a very desirable
quality for the purpose of immobilization and for subsequent use
as a catalyst.
The structure of the derivative is :

ANALYSIS OF HSPAN PREPARED AT NATIONAL TAIWAN UNIVERSITY
Type of Starch

Corn

Persent add on

52

My of side chain

8.0 * 105

Grafting Frequency

4623 AGU / graft

Conversion of nitrile group to
Acrylamide

50 %

Sodium acrylate 50 %
Thus it can be seen that the starch contains hydroxyl, carboxyl
and amide reactive groups. This derivative of starch, because of
the abundance of various reactive groups can be combined with
other protein supports like collagen having good film forming and
structural properties.
In the present work the enzyme is bound to the starch derivative
by the cynogen bromide method as given by Axen et el (12). The
resulting immobilized enzyme is in the form of water swellable
yet easily filterable gel. The gel was then used in a batch type
reactor to find out the conversion with time and to study deactivation of enzyme.

EXPERIMENTAL ( FOR INVERTASE )

The cyanogen bromide method as proposed by Axen et el

(12)

was

used for immobilization. The method consists of two parts.
1)Reaction of starch with cyanogen bromide to give an
activated starch.
2) Reaction of activated starch with enzyme solution to
give immobilized enzyme.+
10 gms enzyme from Sigma Laboratories was added to 100 ml 0.02 M
phosphate buffer ( pH 4.5 ). The mixture was stirred for 3 hours
and kept overnight. Then the supernatant liquid was collected.
Activity of enzyme solution was measured as follows :
10 ml of enzyme solution was added to 10 % (by weight) sucrose
solution prepared in 0.02 M phosphate buffer, (pH 4.5) . Reaction
temperature was maintained at 40 degree centigrade. Samples were
taken after every 1/2 hour and glucose assay was performed as
given in Appendix 1. From the rate of formation of glucose, the
activity of invertase per ml of solution was calculated.
1 unit of invertase was defined as the amount of enzyme required
to convert 1 kmole of sucrose in one minute.The enzyme solution
activity was found to be 122 U/ml.
ACTIVATION OF STARCH
2 gms of CNBr was dissolved in 40 ml distilled water. 1 gm of
starch was slowly added with constant stirring and pH was

maintained at 10 - 11 by adding 2N NaOH dropwise. ( The reaction
is promoted in a highly alkaline range ). After 10 minutes, the
gel was filtered and washed with water. Then it was washed with
acetone water mixture and finally with pure acetone. The shrunken
gel can be stored at 0 - 4 degree centigrade for one month.
STARCH - ENZYME REACTION
50 ml of the enzyme solution containing 25 U invertase per ml
were added to 1 gm of dried shrunken activated starch. It was
observed thatthe gel still retained its swelling property to
considerable extent. The enzyme - starch mixture was allowed to
react overnight at 4 degrees centigrade.It was then filtered,
washed with buffer and with acetone.Shrunken immobilized enzyme
gel was stored at 0 - 4 degree centigrade.
The activity of enzyme - starch gel was found out at the standard
conditions defined before ( 10 % sucrose, in 0.02 M phosphate
buffer, pH 4.5, temp. 40 degrees centigrade ).Activity of enzyme/
gm of starch and percentage retention of activity in immobilization were calculated as follows Activity in gel
% Retention of activity =

* 100
Activity in 50 ml solution

Activity saved on immobilization
* 100
Activity supplied

STUDY OF DEACTIVATION OF ENZYME - STARCH GEL
1 gm of enzyme - starch was added to 200 ml of 10 % sucrose
solution in 0.02 M phosphate buffer.Batch reaction was carried
out for 3 hours at 40 degree centigrade. Samples were taken at t
= 0, 1/2 hr, 1 hr and 3 hrs. After 3 hrs, the gel was washed with
buffer and stored at 4 degree centigrade. The same gel was used
for 5successive batches. The conversion was calculated from
glucose formation rate. Graph number (10) shows the result. Also
reduction in 3 hour conversion was plotted against the batch
number.( Graph no.11 )
APPARATUS USED FOR GLUCOSE MEASUREMENT
The reaction rate and activity of invertase were calculated by
measuring the glucose formation rate.
For measuring glucose concentration, o - toluidine method as
outlined in appendix 1 was used. The absorbance was measured on
Bausch & Lamb spectronic system 400 - 2, wavelength 640 nm.

EXPERIMENTAL DATA AND CALCULATIONS FOR SECTION - 2

Determination of activity of enzyme solution
Reaction conditions : 10 % sucrose solution (200 ml)
10 ml enzyme solution

DILUTION

TIME (hr)
0
1/2

1:20
1:20

ABSORBANCE
0.065
0.284

CALCULATIONS :
1 mol glucose produced = 1 mol sucrose reacted
mg glucose produced per 100 ml of dilution mixture
= Absorbance/ 0,002 mg/ 100 ml
= Absorbance/0.002 * 1/5 mg/ml of perchloric + reaction mix.
= Absorbance/0.002 * 1/5 * 3/2 mg/ml of reaction mixture.
= Absorbance * 1 * 3 * 200
mol / ml.min
0.002 * 5 * 2 * 30 * 180 * 1000 *10
=

122 1,i, mole/ ml.min

Enzyme activity = 122 U per ml. ennzyme solution.
Determination of activity of enzyme gel
Amount of starch used = 0.7350 gm (dry wt.)
t
0
1/2

ABSORBANCE
0.070
0.165

mg glucose formed in 30 minutes.
= 0.095/0.002 * 1/5 * 3/2 mg/ml of reaction mixture
= 0.095/0.002 * 1/5 * 3/2 * 1/30 * 200/1000 * 1/180
mol/min
= 528 moles/min for 0.7350 gm starch
= 718 moles/min. gms of starch
Activity = 718 gms of starch
Calculation of activity retention
Activity of enzyme solution used for immobilization
= 122 U /ml * 50 ml
Activity retained on starch = 528 U
% immobilization = 528/122 * 1/50 * 100 %
= 8.65 %

EXPERIMENTAL DATA

FIRST DAY
t hr
0
1/2
1
3

ABSORBANCE
0.070
0.165
0.238

CONVERSION - X
0.285
0.504

SECOND DAY
t hr

ABSORBANCE

0
1/2
1
3

0.090
0.167
0.222
0.391

CONVERSION - X
0.231
0.396
0.903

THIRD DAY
t

hr

0
1/2
1
3

ABSORBANCE
0.100
0.155
0.208
0.353

CONVERSION - X
0.165
0.324
0.75

FOURTH DAY
t

hr

0
1/2
1
3

ABSORBANCE
0.132
0.176
0.214
0.343

CONVERSION - X
0.132
0.246
0.633

G-R/-\ PH NO. I 0
BATCH RL

RJR PERFORMANCE (IN\JERTAS-STARCH

GRAPH NO. 11
DECREASE (N 3-11R. CONVERSION (INVERTASE-STARck0

RESULT AND DISCUSSION
The activity of invertase was defined as :
The number of

moles of sucrose converted per minute, when the

reaction was carried out for 30 minutes at 40 degree centigrade,
using 0 % by weight sucrose solution in 0.02 M phosphate buffer ,
(pH 4.5).
The amount of sucrose converted was found from the amount of
glucose produced. Glucose production was monitered by the
o-toluidine method of glucose measurement as given in Appendix 1.
The activity of the invertase enzyme solution obtained from whole
cells was found to be 122 U /ml. [122 It moles sucrose/ min.m1.]
Activity of the immobilized starch - enzyme gel was 71.8 U /gms
support. (Dry basis)
In the experiment 50 ml enzyme solution was added to 1 gm starch
(dry weight)
Total amount of enzyme added for immobilization
= 50 * 122 = 6100 units.
% Retention of activity = 528 * 100 / 6100
= 8.7 %
The immobilization data ( % retention of activity and U /gm of
support) given by Axen et el (12) is for chymotrypsin and glycyl
-leucine.Since the efficiency of immobilization depends not only
on the method used but also on the enzyme to be immobilized,
these results cannot be compared directly with the results
obtained in this work. However the range of values of activity
retention seem to be consistant with the previous work.

The activity retention is less than that for invertase immobilization by adsorption on inorganic carriers (13), which gives
activity retention of 30 - 40 % typically. However the adsorption
method has three serious drawbacks.
1)The adsorption enzyme has very low heat stability.
2)The deactivation is high if adsorbed enzyme is subjected
to high shear. Hence it cannot be used in a batch reactor.
3)Adsorption - Desorption is extremely sensitive to the pH
of the substrate. Hence the adsorped enzyme is stable in
a narrow range of pH.
The loss of activity of starch - enzyme seems to be more or less
even with the time. Although, no attempt was made to study the
deactivation in more detail, it should be possible to find the
performance equation of the reactor by incorporating the deactivation of enzyme into kinetic equation.
The conversion achieved is shown for four sucessive batches using
the same enzyme.The percentage drop in 3 hrs conversion for 4
days (batches) is 39 % . Thus the average conversion drop per
batch is 13

% .

SECTION

3

CONCLUSIONS & RECOMMENDATIONS
FOR SECTIONS 2 & 3

CONCLUSIONS
1)Support attrition plays an important role in the deactivation
of immobilized enzyme. For the batch reactor, deactivation
due to support erosion is much more pronounced in the first
few batches, particularly on the first batch.
2)Support attrition is more when the enzyme is subjected to
high shear.For basket type reactors the shearing due to stir
-ring is greatly reduced and support erosion is found to be
low as compared to the ordinary stirred tank reactor.
3) For crushed enzyme the initial deactivation was found to be
higher as compared to uncrushed enzyme. This is expected
because the support strength is reduced during the crushing
process.
4) For invertase enzyme immobilization on modified starch HSPAN
was found to give satisfactory % activity retention and
enzyme concentration / gm of starch, as compared to methods
using other derivatives of starch.
The modified starch HSPAN has an additional advantage over
other derivatives because of better water swellability and
more functional groups available for immobilization.

RECOMMENDATIONS
It is recommended that 1)Comparision be carried out between basket type reactor and
stirred tank reactor, using various supports such as glass
porcelain, polymers.
2) The deactivation in batch reactor may be studied at different
stirrer speed to get better information about the effect of
shear on deactivation.
3)Making use of various functional groups in HSPAN such as
carboxyl and amide, the starch may be used along with other
support material having better strength and better film forming
capacity and the results can be compared with other methods.

SECTION - 4

APPENDIX --- 1

APPENDIX - 1
Measurement of Glucose
The method used for glucose measurement was the 'ortho toluidine method , based on reaction of glucose with primary
amines.
In an acetic acid solution, o - toluidine reacts selectively with
glucose to form a stable green chromogen. Absorbance is read at
640 nm.

In this method, fructose does not interfere with the glucose
measurement.

Procedure for measurement
Apparatus used : Bausch & Lamb Spectronic system 400 Reagents used :
1) 0 - Toludine, 5% solution - Dissolve 3.0 gms. thiourea in
1900 ml glacial acetic acid. Add 100 ml of 0 - toluidine.Mix
and store in a dark bottle.
2)Benzoic acid, 0.02 % solution - Dissolve 4.00 gms benzoic
acid in 2 litres of deionized water. Heat to dissolve.
3)Stock glucose solution - Dissolve 1.00 gms pure D- glucose
in 0.2 % benzoic acid solution and dilute to 100 ml with
0.2 % benzoic acid.
Preparation of caliberation curve 1)Dilute 5, 10, 20 & 30 ml of stock glucose solution each to
100 ml with 0.2 % benzoic acid solution to give 50, 100, 200
and 300 mg/100 ml glucose respectivly.
2) Absorbance is read as given in the following procedure and a
curve is drawn for glucose concentration against absorbance .
The curve is linear between 0 - 300 mg/100 ml glucose
concentration.
Measuring Procedure 1)Place 6.0 ml of 0 - toluidine reagent into each test tube.
2)Add 0.1 ml of glucose solution whose concentration is between
0 - 300 mg/100 ml and mix throughly.
3)Incubate for 20 minutes at 80 degree centigrade.
4)Cool at room temperature.

5)Set the absorbance of spectrophotometer to 0.000 with blank
solution.
6)Read the absorbance of unknown sample.

APPARATUS SETTING
Wavelength
Mode
Water Circulator
Machine used

:
:
:
:

640 nm
Absorbance
30 degree centigrade.
Bausch & Lamb Spectronic system 400 - 2.

NOTATI O N S
Vmf I

Michaelis constants for forward enzyme reaction in the

Kmf I

absence of mass transfer resistance.

Vmr

Michaelis constants for backward enzyme reaction in the

Kmr I

absence of mass transfer resistance.

Vm'

Apparant Michaelis constants for reversible enzyme

Km' I reaction.
K

= Equilibrium constant.

P

= Product concentration.

S

= Substrate concentration.

Pe = Equilibrium product concentration.
Se = Equilibrium substrate concentration.
D

= Diffusivity of porous catalyst.

n

= Effectiveness factor for porous catalyst.

Eo = Initial enzyme concentration.
Kd = Deactivation constant of the immobilised enzyme.
m =

Constant representing the effect of first day
deactivation.
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